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The  main  purpose  of  this  paper  is  to  design  a  regulator  which  enables  a 
power  system  to  track  reference  signals  precisely  and  to  be  robust  in  the 
presence  of  uncertainty  of  system  parameters  and  disturbances.  The 
performances  of  the  proposed  controllers  (NEWELM  and  NIMC)  are  based 
neural  adaptive  control  and  simulated  on  a  two-bus  test  system  and  compared 
with  a  conventional  PI  controller  with  decoupling  (PI-D).  The  studies  are 
performed  based  on  well  known  software  package  MATLAB/Simulink  tool 
box.  Flexible  Alternating  Current  Transmission  System  devices  (FACTS)  are 
power  electronic  components.  Their  fast  response  offers  potential  benefits  for 
power  system  stability  enhancement  and  allows  utilities  to  operate  their 
transmission  systems  even  closer  to  their  physical  limitations,  more 
efficiently,  with  improved  reliability,  greater  stability  and  security  than 
traditional  mechanical  switching  technology.  The  most  used  component  of 
FACTS  systems  is  the  Unified  Power  Flow  Controller  (UPFC).  According  to 
high  importance  of  power  flow  control  in  transmission  lines,  new  controllers 
are  designed  based  on  the  Elman  Recurrent  Neural  Network  (NEWELM)  and 
Neural  Inverse  Model  Control  (NIMC)  with  adaptive  control. 
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1.  INTRODUCTION 

Following  the  industrialization  and  the  growth  of  the  population  are  the  first  faetors  for  whieh  the 
eonsumption  of  eleetrieal  energy  inereases  regularly.  In  addition  we  live  today  in  the  era  of  eleetronies  and 
informaties  and  any  expenses  are  very  sensitive  to  disturbanees  that  oeeur  on  their  supplies:  a  loss  of  power 
ean  eause  the  interruption  of  the  different  proeesses  of  the  produetion;  and  in  front  of  eonsumers  who  are 
beeoming  more  demanding  in  wanting  more  energy  and  best  quality,  enterprises  of  produetion  of  eleetrieal 
energy  must  therefore  ensure  the  regular  supply  of  this  request,  and  without  interruption,  through  a  mesh 
network  and  intereonneeted  in  order  to  prove  a  reliability  in  their  serviee;  and  inerease  the  number  of  power 
plants,  lines,  transformers  ete.,  whieh  implies  an  inerease  of  the  eost  and  the  degradation  of  the  natural 
environment  [1]. 

The  networks  inereased  eontinuously  And  they  beeomes  eomplex  and  more  diffieult  to  eontrol.  This 
system  must  drive  in  large  quantities  of  energy  in  the  absenee  of  eontrol  deviees  and  sophistieated  adequate, 
a  lot  of  problems  ean  oeeur  on  this  network  sueh  as:  the  transit  of  the  reaetive  power  in  exeess  in  the  lines, 
the  hollow  of  voltage  between  different  parts  of  the  network... ete.  and  this  faet  the  potential  of  the 
intereonneetion  of  the  network  will  not  operate  properly.  Up  to  the  end  of  the  eighties,  the  eleetrieal  networks 
were  eontrolled  by  eleetromeehanieal  deviees  having  a  response  time  of  the  more  or  less  long,  eoils  of 
induetanee  and  Capaeitors  switehed  by  eireuit  breakers  for  the  maintenanee  of  the  voltage  and  the 
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management  of  the  reagent  [2,  3]  .However,  problems  of  wear  as  well  as  their  slow  aetion  does  not  allow  to 
operate  these  deviees  more  than  a  few  times  a  day,  they  are  therefore  diffieult  to  use  for  a  eontinuous  eontrol 
of  the  flow  of  power.  Another  teehnique  of  adjustment  and  eontrol  of  reaetive  powers,  tensions  and  transits 
of  power  using  the  power  eleetronies  has  made  its  evidenee. 

The  solution  to  these  problems  is  to  improve  the  eontrol  of  the  eleetrieal  systems  already  in  plaee.  It 
is  neeessary  to  equip  these  systems  of  a  eertain  degree  of  flexibility  allowing  them  to  better  adapt  to  the  new 
requirements.  The  rapid  development  of  the  eleetronie  power  has  had  a  eonsiderable  effeet  in  the 
improvement  of  the  eonditions  for  the  funetioning  of  the  eleetrieal  networks  in  the  performanee  of  the  eontrol 
of  their  settings  by  the  introduetion  of  eontrol  deviees  on  the  basis  of  eomponents  of  Eleetronie  Power  very 
advaneed  (GTO,  IGBT)  known  under  the  aeronym  faets:  "flexible  alternating  eurrent  transmission  systems”. 

The  eontribution  of  this  teehnology  "FACTS"  [4-6] for  the  eompanies  of  the  eleetrieity  is  to  open 
new  prospeets  for  eontrolling  the  flow  of  power  in  networks  and  to  inerease  the  eapaeity  used  existing  lines 
similar  to  extensions  in  the  latter.  The  UPFC  eonsists  of  two  voltage- souree  inverters  with  fully  switehable 
elements  (GTO,  IGBT)  that  are  eonneeted  through  a  eommon  eontinuous  link  (DC-link)  Figure  1.  One, 
Mounted  in  shunt,  ealled  STATCOM  (Statie  eompensator),  injeets  an  almost  sinusoidal  eurrent  of  adjustable 
magnitude.  The  seeond,  mounted  in  series,  ealled  SSSC  (Statie  Series  synehronous  eompensator),  injeets  in 
series  an  almost  alternative  voltage  with  an  adjustable  amplitude  and  phase  angle  in  the  transport  line.  Eaeh 
inverter  ean  swap  the  neeessary  reaetive  power  loeally,  and  produee  the  aetive  power  as  a  result  of  the  serial 
injeetion  of  a  voltage.  The  basie  funetion  of  the  shunt  inverter  (Inverter  1)  is  to  supply  or  absorb  the  aetive 
power  requested  by  the  serial  inverter  (Inverter  2)  through  the  eommon  DC  eonneetion.  It  ean  also  produee  or 
absorb  reaetive  power  as  required  and  provide  voltage  support  at  the  network  eonneetion  point  [7,  8]. 


Figure  1.  Basie  eireuit  eonfiguration  of  a  UPFC 


2.  MODELING  OF  A  UPFC  SYSTEM 

The  equivalent  eireuit  of  a  UPFC  system  is  shown  in  Figure  2.  where  the  series  and  shunt  inverters 
are  represented  by  voltage  sourees  ve  and  vp  respeetively.  The  transmission  line  is  modeled  [9-13]  as  a  series 
eombination  of  resistanee  r  and  induetanee  F.  The  parameters  rp  and  Fp  represent  the  shunt  transformer 
resistanee  and  leakage  induetanee  respeetively.  The  non  linearity’s  eaused  by  the  switehing  of  the 
semieonduetor  deviees,  transformer  saturation  and  eontroller  time  delays  are  negleeted  in  the  equivalent 
eireuit  and  it  is  assumed  that  the  transmission  system  is  symmetrieal.  The  simplified  eireuit  of  the  UPFC 


eontrol  and  eompensation  system  is  shown  in  Figure  2. 
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Figure  2.  Equivalent  eireuit  of  UPFC  system 
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The  modeling  of  this  circuit  is  based  on  hypotheses  simplifying.  The  dynamic  equations  of  the 
UPFC  are  divided  into  three  systems  of  equations.  By  performing  d-q  transformation,  the  current  through  the 
transmission  line  can  be  described  by  the  following  equations. 

—  =  OJlsq  -  - Isd  +  -  (Vsd  -  Vcd  -  Vrd  ) 

^^sd  ^  ^sq  ^  (j^sq  ^cq 

Similarly,  the  shunt  inverter  can  be  described  by: 

f  ^  =  "ipq  ^  ipd  +  ^  (Vpd  -  Vcd  -  Vrd) 

=  ~(^ipd  l^hq  “  Vrq) 

By  the  use  of  power  balance  if  one  neglects  the  losses  of  the  inverter  it  is  possible  to  express  the 
continuous  voltage  by: 

~  2  CVc  ^cqWq  ~  ^pd^pd  ~  ^pq^pq^  (^) 

The  DC-link  capacitor  C  must  be  selected  to  be  large  enough  to  minimize  voltage  transients 


3.  CONTROLLER  DESIGN 

The  control  system  of  the  UPFC  consists  of  the  shunt  inverter  with  the  control  circuit  [14-17]  as 
well  as  the  series  inverter.  First,  we  justify  the  possibility  of  separation  of  the  two  control  circuits  and 
similarly  we  are  interested  in  the  adjustment  of  the  inverter  for  the  additional  voltage  and  more  particularly  to 
the  setting  of  the  active  and  reactive  power  transmitted. 

Then  we  will  develop  the  different  settings  considered  in  this  study  and  we  will  show  the  transient 
behavior  of  the  control  circuits  using  a  simulation  of  the  regulators  considered  in  the  adjustment  of  the  closed 
loop  UPFC  system  in  order  to  improve  the  performances  in  the  case  of  active  or  reactive  power  change., 
(change  one  of  the  three  parameters  of  the  line). 

3.1.  PI  decoupling  control  (PI-D) 

The  objective  of  using  the  PI-D  is  to  provide  independent  control  of  active  P  and  reactive  Q  power 
flow  in  the  system  for  fixed  values  of  Vs  and  Vr.  This  can  be  achieved  by  properly  controlling  the  series 
injected  voltage  of  the  UPFC.  The  voltage,  current  and  power  flow  are  related  through  the  following 
equations: 


P  ~  2  (Psdhd  "f  ^sqhq^ 

(4) 

Q  ~  ’^(PsdUq  ~  ^sqhd) 

(5) 

With  ipfji  and  i^q  isq  T  ipq 

The  principle  of  this  control  strategy  is  to  convert  the  measured  three  phase  currents  and  voltages 
into  d-q  values  and  then  to  calculate  the  current  references  and  measured  voltages  as  follow: 


_  2  fp*Vsd-Q*^sq\ 
^  3  V  A  / 

_  2  fP*Vsq-Q*Vsd\ 
~  3\  A  ) 


(6) 

(7) 


WithA=  V^,d  +  V^q 


(8) 


According  to  the  system  of  equations  (1)  or  (2),  one  can  have  the  system  contains  a  coupling 
between  the  reactive  and  active  current  Id  Iq.  The  interaction  between  current  caused  by  the  coupling  term 
(co)  Figure  3. 
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To  be  able  to  lead  to  a  reliable  eommand  of  the  system,  it  is  indispensable  to  proeeed  to  a 
deeoupling  of  the  two  eomponents.  The  deeoupling  of  two  loops  is  obtained  by  subtraeting  the  term  (co) 
through  a  reaetion  against.  It  is  then  eondueted  to  a  rule  whieh  provides  a  eommand  with  deeoupling  (PTD) 
of  the  eurrents  Id  and  Iq  with  a  model  whieh  ean  be  rewritten  in  the  following  form: 

=  "(1  -  -Ihd  +  ^  {Vsa  -  Vcd  -  Vrd  ) 

=  "(1  -  £)isq  -Ihd  (Vsd  -  Vcd  -  Vrd  ) 

The  design  of  the  eontrol  system  must  begin  with  the  seleetion  of  variables  to  adjust  and  then  that  of 
the  eontrol  variables  and  their  assoeiation  with  variables  set.  There  are  various  adjustment  teehniques  well 
suited  to  the  PI  eontroller.  The  strueture  of  the  PI  eontroller  is  represented  by  the  first  bloek  diagram 
of  Figure  4. 


d 


Figure  4.  Adjustment  strueture  of  the  PI  type 


In  eontrol,  we  obtain  the  following  eontroller,  depending  on  the  damping  eoeffieient  ^  and  the 
[k^  =  1^(0^  -  a 


frequeney  : 


k,  = 


(10) 


There  are  two  well-known  empirieal  approaehes  proposed  by  Ziegler  and  Tit  for  determining  the 
optimal  parameters  of  the  PI  eontroller  Table  1. 


T able  1 .  Optimal  parameters  of  the  PI  eontroller. 


Type  of 

Kp 

Ti 

K 

PI 

0.45Kcr 

0.83  Per 

0 

The  method  Ziegler-Niehols  [18]  used  in  the  present  artiele  is  based  on  a  trial  eondueted  in  elosed 
loop  with  a  simple  analogy  proportional  eontroller.  The  gain  Kp  of  the  regulator  is  gradually  inereased  until 
the  stability  limit,  whieh  is  eharaeterized  by  a  steady  oseillation.  Based  on  the  results  obtained,  the 
parameters  of  the  PI  eontroller  given  by  Table  2. 
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Table  2.  Parameters  of  the  PI  controller  in  our  system 


Param 

Ki 

0)0 

Kp 

Valeas 

20.000 

314.156 

0.45 

0.200 

a.  Performance  evaluation 

Simulation  are  performed  a  Pentium  PC  under  MATLAB/Simulink  software  program.  The 
transmission  line  and  the  UPFC  (two  inverters)  system  are  implemented  with  simulink  blocks.  For  each  of 
the  control  systems,  a  simulation  model  is  created  which  includes  the  required  PWM.  The  parameters  of  the 
simulation  model  are  selected  to  be  equal  to  the  parameters  of  a  laboratory  UPFC  model  [19],  [20]  which  are 
listed  in  Table  3. 


Table  3.  The  parameters  of  the  laboratory  UPFC  model 


Parameter  name 

Symbol 

Value 

Unit 

Network  voltage 

Vr 

220 

V 

Voltage  of  the  reeeiver 

Vs 

220 

V 

DC  voltage 

Vde 

280 

V 

Network  frequeney 

f 

50 

HZ 

The  eapaeity  of  the  eommon 
cireuit  DC 

C 

2 

mF 

Induetanee  1 

Li 

1.125 

mH 

Resistanee  1 

Ri 

100 

a 

Induetanee  2 

Li 

1.125 

mH 

Resistanee  2 

Ri 

100 

Q 

b.  Simulation  results  (system  UPFC  with  PI  decoupling  control) 
The  result  of  the  simulation  is  shown  in  Figure  5. 


Currents  Isajsb  and  Isc  (A) 


Figure  5.  Currents  waveforms  Fa,  Fb  and  Fc  (A). 


The  test  robustness  is  observed  that  the  0.4  s  and  0.6  s  moments  cause  an  almost  zero  variation 
considered  as  a  disturbance  of  active  and  reactive  power  Figure  6  due  to  the  interaction  between  the  two 
powers.  The  control  system  has  a  fast-dynamical  response  and  the  same  in  DC  voltage  Figure  7. 
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UPFC  iyitem  at  +30%  o£XL  witk  PI-D  Controllera 


UPFC  iyatem  witk  PI-D  Controller 


Time(a) 


Time(aj 
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UPFC  ayatem  at  -30  %  of  XL  witk  PI-D  Controller 


(c) 

Figure  6.  Powers  responses  our  system  with  PI-D: 
(a),  at+30%  of  XL,  (b).  at  XL  and  (e).  at  -30%  of  XL 
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Figure  7.  DC  voltage 

By  introdueing  perturbation  Figure  8  duration  of  25  ms  and  amplitude  1.5  to  test  again  stability  of 
our  system.  As  ean  be  seen,  the  eontroller  (PI-D)  rejeeted  the  external  perturbation  quite  rapidly. 
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PoTvers  re^poixa-M  (P  hjhI  Q  )  in  tlie  pres  ence  of  esitemal  iliEtiif  Lance 


Figure  8.  System  response  in  the  presence  of  external  disturbance 


3.2.  Neural  adaptive  control 

Currently  the  adaptive  control  is  of  a  great  importance  in  the  field  of  control.  This  command  is 
dominant  in  systems  that  present  uncertainties,  structural  disturbances  and  changes  in  the  environment.  The 
main  object  of  the  adaptive  control  is  the  synthesis  of  the  act  of  adaptation,  for  the  automatic  adjustment  in 
real  time  of  the  regulators  of  the  control  loops  in  order  to  achieve  or  maintain  certain  level  of  performance 
when  the  parameters  of  the  process  to  order  are  difficult  to  determine  or  vary  with  time.  The  interest  of  the 
adaptive  control  appears  mainly  at  the  level  of  disturbance  parametric,  that  is  to  say  are  acting  on  the 
characteristics  of  the  process  to  order,  disturbance,  act  on  the  variables  to  regulate  or  to  order.  The  interest  of 
the  adaptive  control  appears  mainly  at  the  level  of  disturbance  parametric,  that  is  to  say  are  acting  on  the 
characteristics  of  the  process  to  order,  disturbance,  act  on  the  variables  to  regulate  or  to  order.  Finally,  the 
combination  of  the  adaptive  control  with  other  types  of  conventional  commands  of  the  automatic  has  borne 
fruit  and  has  been  the  source  of  many  jobs.  The  adaptive  laws  implanted  in  the  ideal  case  could  lead  to 
instability  in  the  case  of  external  disturbances  bounded. 

In  this  article  we  present  the  Adjustment  method  proposed  for  the  UPFC,  favoring  the  classical 
approach  based  on  neurons  networks.  Neural  Network  is  trained  by  adaptive  [2,  19-25]  the  network  Teams’ 
how  to  do  tasks,  perform  functions  based  on  the  data  given  for  training.  The  knowledge  learned  during 
training  is  stored  in  the  synaptic  weights.  The  standard  Neural  Network  stmctures  (feed  forward  and 
recurrent)  are  both  used  to  model  the  UPFC  system.  The  main  task  of  this  paper  is  to  design  a  neural  network 
controller  which  keeps  the  UPFC  system  stabilized.  Elman's  network  said  hidden  layer  network  is  a  recurrent 
network  Figure  9,  thus  better  suited  for  modeling  dynamic  systems.  His  choice  in  the  neural  control  by  state 
feedback,  is  justified  by  its  role,  this  network  can  be  interpreted  as  a  state  space  model  nonlinear.  Feaming  by 
back  propagation  algorithm  standard  is  the  law  used  for  identification  of  the  UPFC. 


Figure  9.  Stmcture  of  the  Elman  network 


3.2.1.Neural  adaptive  control  by  state  space  UPFC  System  with  ERNN  (NACSSS-ERNN) 

The  integration  of  these  two  approaches  (neural  adaptive  control)  [26,  27].  in  a  single  hybrid 
stmcture,  that  each  benefit  from  the  other,  but  to  change  the  dynamic  behavior  of  the  UPFC  system  was 
added  against  a  reaction  calculated  from  the  state  vector  (state  space)  Figure  10. 
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Figure  10.  Diagram  of  a  UPFC  control  by  state  feedback 


The  state  feedback  control  is  to  consider  the  process  model  in  the  form  of  an  equation  of  state: 

X*(t)  =  Ax(t)  +  BU(t)  (11) 

And  observation  equation: 

Y(t)  =  Cx(t)  +  DU(t)  (12) 

Where  u  (t)  is  the  control  vector,  x  (t)  the  state  vector,  and  y  (t)  the  output  vector  of  dimension  for  a 
discrete  system  to  the  sampling  process  parameters  Te  at  times  of  Te  sample  k  are  formalized  as  follows: 

X(t-l-l)  =AdX(t)  +  BUd(t)  (13) 

Y(t)  =  Cd  x(t)  +  Dd  U(t)  (14) 

The  system  is  of  order  1,  so  it  requires  a  single  state  variable  x.  this  state  variable  represents  the 
output  of  an  integrator  as  shown  in  Figure  11. 
x(t)  =  y(t)x*(t)  =  y*(t) 


U 


^Q' 


n 


Y=x 


r 

L 


Figure  1 1 .  Block  diagram  of  the  state  representation  of  the  UPFC 


The  transfer  function  G(s)  =  Y(s)/U(s)  of  our  process  UPFC  can  be  written  as: 
1 


G(s)  = 


s+  r/L 


We  deduce  the  equations  of  state  representation  of  the  UPFC: 


p  =  -(9x  +  u 

(  y  =  x 


With:  U(t)  =  e(t)  —  kx(t) 

Let:  X(t  +l)  =  [Aa-K  B^]  x(t)  +  e(t) 
T(t)  =  Qx(t) 


(15) 

(16) 

(17) 

(18) 


The  dynamics  of  the  process  corrected  by  state  space  is  presented  based  on  the  characteristic 
equation  of  the  matrix  [Ad  -  Bd  K],  where  K  is  the  matrix  state  space-controlled  process. 
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Our  system  is  described  in  matrix  form  in  the  state  space: 


Where: 


(x*  =  Ax  +  Bu 
[y  =  Cx  +  D  u 


(19) 


C  = 


,x  =  [isd 


isdV 


a.  UPFC  system  identification  using  ernn(NEWELM) 

The  identification  makes  it  possible  to  obtain  a  mathematical  model  that  represents  as  faithfully  as 
possible  the  dynamic  behavior  of  the  process  [28].  A  process  identified  will  then  be  characterized  by  the 
structure  of  the  model,  of  its  order  and  by  the  values  of  the  Settings.  It  is  therefore,  a  corollary  of  the  process 
simulation  for  which  one  uses  a  model  and  a  set  of  coefficients  in  order  to  predict  the  response  of  the  system. 

The  figure  shows  the  network  Elman  consisting  of  three  layers:  a  layer  of  entry,  hidden  layer  and  a 
layer  of  output.  The  layers  of  entry  and  exit  interfere  with  the  outside  environment,  which  is  not  the  case  for 
the  intermediate  layer  called  hidden  layer.  In  this  diagram,  the  entry  of  the  network  is  the  command  U  (t)  and 
its  output  is  Y  (t).  The  vector  of  state  X  (t)  from  the  hidden  layer  is  injected  into  the  input  layer  Figure  12. 


Figure  12.  Structure  of  the  NEWEEM 


The  state  vector  X  (t)  from  the  hidden  layer  is  injected  into  the  input  layer.  We  deduce  the 
following  equations: 

X(t)  =  Wr  X(t  -  1)  -h  Wh  U(t  -  1)  (20) 

Y(t)  =  WoX(t)  (21) 

Where,  Wh,  Wr  et  Wo  are  the  weight  matrices.  Equations  are  standard  descriptions  of  the  state 
space  of  dynamical  systems.  The  order  of  the  system  depends  on  the  number  of  states  equals  the  number  of 
hidden  layers.  When  an  input-output  data  is  presented  to  the  network  at  iteration  k  squared  error  at  the  output 
of  the  network  is  defined  as: 


Et  =  (yd(0  -y(t))^ 

For  the  whole  training  data  u  (t),  yd  (t)  de  t  =  1,  2. . .  N,  the  summed  squared  errors  is: 
E  = 


The  weights  are  modified  at  each  time  step  for  Wo : 


dEt 

dWn 


dyit) 


(yd(0-y(t))  g 


(22) 


(23) 
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^  =(yd(t)-y(t)).X^(t) 
For  Wh  etWr, 


dEt 

dWh 

dEt 


dE^  dy(t)  dx(t) 
dy(t)  '  dx(t)  '  dWfi 


-(yd(0  -  y(0)-  Wo-u(t) 


dEt 

dW-i^ 

dEt 

dW-l^ 


dEt  dy(t)  dXjit) 
dy(t)  '  dxi(t)  '  dW.}^ 


dXjjt) 

dwi^ 


The  latter  we  obtain: 


dxi 

dwi- 


x'^(t  - 1)  -I-  wj 


dxi(t-l) 

dW^ 


(24) 


(25) 


(26) 


(27) 


Equation  shows  that  there  is  a  dynamie  traee  of  the  gradient.  This  is  similar  to  baek  propagation 
through  time.  Beeause  the  general  expression  for  weight  modifieation  in  the  gradient  deseent  method  is: 

AW  =  -r]^  (28) 

'  dW  ^  ^ 

The  dynamie  baek  propagation  algorithm  used  to  identify  a  state  spaee  model  of  the  UPFC  for 
NEWELM  (Elman  network)  ean  be  summarized  as  follows: 


2IVF0  =  -r]E(it)X'^(t)  (29) 

dV14  =  r]E{t).  (30) 

AWj=vEit).Wiit){^)  (31) 


If  the  dependence  of  X  (t-1)  on  Wi  is  ignored,  the  above  algorithm  degrades  is  the  standard  back 
propagation  algorithm: 


dw^ 


=  =  X'^iT  -  1) 


(32) 


NCtVViVk  M  llll 

M^WMM 


cm  1*^  *  - 

^ ^  imv 

ttiih 


Miy^u 
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Figure  13.  UPFC  system  presentation  with  state  spaee  and  (ERNN-NEWEEM) 


b.  Estimation  of  the  parameters 

The  input  used  of  the  Eehelon  type,  is  envisaged  for  identifieation  systems  [13].  It  is  obvious  that 

the  entry  is  better  than  on  the  other  (rail,  Sinusoid . )  from  the  point  of  view  of  the  identifieation.  In  order 

to  allow  an  identifieation  by  entries  to  exeite  the  maximum  of  the  modes  of  the  system  without  too  disrupt  its 
normal  operation,  if  it  wants  to  pull  a  lot  of  information,  in  partieular  the  exeite  in  the  entire  frequeney  band 
interesting,  one  uses  in  general  a  variation  in  the  niehe  market  of  pseudorandom  binary  sequenee 
(PRBS)  Superim. 
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The  design  of  a  system  Figure  13  of  efficient  regulation  and  robust  requires  knowing  the  dynamic 
model  of  the  process,  which  describes  the  relationship  between  the  variations  of  the  command  and  the 
variations  of  the  measure.  The  dynamic  model  can  be  determined  by  direct  identification: 

-  The  classic  method  type  "Response  Level"  requires  signals  of  excitation  of  large  amplitudes; 
its  accuracy  is  reduced,  and  does  not  allow  the  validation  of  the  model. 

-  The  current  methods,  with  algorithms  for  recursive  identification  on  micro  computers  offer  a 
better  precision  and  operate  in  open  or  closed  loop  mode  with  excitation  signals  of  very  low 
amplitude  (0.5  to  5  per  cent  of  the  op  pseudo  random  binary  sequence  (PRBS),  and  rich  in 
frequency. 

The  Pseudo  Random  Binary  Sequence  (PRBS)  is  a  signal  consisting  of  rectangular  pulses 
modulated  randomly  in  length,  which  approximate  a  white  noise  discreet,  therefore  rich  in  frequency  and 
average  value  of  zero,  not  amending  the  operating  point  of  the  process.  Easy  to  generate;  it  is  commonly  used 
in  the  identification  procedures.  Posed  on  useful  signal. 

Therefore,  in  our  project  it  was  used  for  the  identification  of  the  parameters  of  the  system  a  network 
neuron  said  network  of  Elman  with  three  layers.  As  has  already  been  seen.  Note  that  the  performances  of  the 
identification  are  best  when  the  input  signal  is  rich  enough  in  frequencies  to  excite  the  different  modes  of 
process.  To  obtain  its  results,  a  pseudo  random  binary  sequence  (PRBS)  is  used  as  the  excitation  signal  and 
are  of  the  estates  of  rectangular  pulses  modulated  in  width,  which  are  approximate  to  a  white  noise  discrete 
which  have  a  rich  content  of  frequencies. 

For  the  simulation  it  was  chosen: 

-  Network  Elman  (NEWELM)  to  three  layers  [Entry,  hidden  and  output]  is  respectively  [vector 
command,  the  vector  of  state  and  output  vector] 

-  A  rich  signal  of  frequency  pseudorandom  binary  sequence  is  of  languor  in  1023  and  of 
amplitude  IV. 

-  A  PRBS  signal  Figure  14.  Is  input  to  system  to  provide  reasonable  convergence  of  the  neural 
network  weights  for  the  controller  to  start  with. 


Sequence  binaire  pseudo  aleatoire 


Evolution  des  parametres  estimes  (poids)  -  SSNN 


Figure  14.  PRBS  signal  and  changing  weights 


In  Elman  Recurrent  Neural  Network  learning,  identification,  synthesis  and  correction  are  done  one 
after  the  other,  where  the  correction  of  the  numerical  values  of  the  parameters  is  done  recursively  so  the  error 
of  estimation  puts  about  one  second  (t  =  Is)  to  converge  to  zero  Figure  15. 
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Eriaur  d'«ttHn«ti9n  (SSHN} 


Figure  15.  Estimation  error 


3.2.2.Neural  adaptive  control  by  internal  model  of  a  UPF  system  (NACIMS) 

Several  teehniques  ean  be  envisaged  in  order  to  improve  the  performanee.  In  this  work,  we  use  the 
eommand  by  internal  model,  whieh  belongs  to  the  family  of  eommands  in  a  elosed  loop  (feedbaek)  [29-30]. 
Its  prineiple  is  eall  to  a  model  of  the  system  and  has  the  property  to  operate  in  quasi  open  loop  as  long  as  the 
system  and  their  models  are  identieal,  whieh  reduees  the  risks  of  instability  eneountered  in  the  teehnieal 
standards  of  eounter-reaetion.  This  solution  ean  be  used  on  any  arehiteeture  or  teehnology  of  the  ehain 
beeause  the  only  elements  to  be  added  are  a  eouple  and  a  demodulator  to  the  issuanee  to  retrieve  information 
on  the  distortions  introdueed.  In  order  to  assess  the  performanee  of  this  teehnique,  we  have  applied  in 
simulation  on  our  system  UPFC. 

a.  Internal  model  control 

Figure  16  represents  the  basie  seheme  of  IMC.  For  reasons  of  simplieity,  it  illustrates  the  general 
prineiple  on  a  linear  system  in  the  field  of  Laplaee  knowing  that  this  representation  ean  be  extended  to  the 
diserete  domain. 


Figure  16.  Basie  seheme  of  IMC 


In  this  figure,  we  find  the  main  elements  of  a  feedbaek  loop: 

The  system  H{s),  output  y(t), 

-  The  model  of  the  // (5)  system,  obtained  by  prior  identifieation  of  the  system, 

-  The  eorreetor  R( s ), 

-  The  set  point  or  the  exeitation  e( t), 

-  A  disturbanee  d( t). 

The  study  of  the  strueture  makes  it  possible  to  establish  the  following  operating  equation,  linking  the 
output  Y  to  the  input  E  and  the  perturbation  D: 


F(s)  = 


R(5).H(s) 


E(s)  + 


1-R(5)./?(5) 

l+R(s).(H(s)-fl(s)) 


.D(s) 


(33) 


The  error  of  characterization  (or  modeling)  the  system  that  represents  the  difference  between  the 
system  and  its  model  is  represented  by  the  term: 

AH(s)  =  H(s)  -  His)  (34) 
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The  errors  signal  w  (t)  rebuilt  the  disturbance  D  (t)  and  the  error  of  characterization  following  the 
command  u  (t): 

(5)  =  AHis).  Uis)  +  D(s)  (35) 

So,  we  can  say  that  the  stability  of  the  whole  when  R(s)  and  //(5)are  stable 

For  an  ideal  model  H(s)  =  H(s)  and  R(s)  =  a  perfect  pursuit  of  trajectory 

w(t)  =  e(t)  ,  Vd(t) 

An  online  estimate  of  unmeasured  disturbances  d(t)  =  d(t)  (36) 

b.  Neural  inverse  model  control  design 

It  is  quite  obvious  that  this  excludes  many  cases,  and  thus  the  effective  implementation  of  the  IMC 
structure  goes  through  techniques  which  are  in  two  general  principles: 

-  Minimize  the  sensitivity  of  the  IMC  structure  for  maximum  disturbance  rejection 

-  Maximizing  the  complementary  sensitivity  for  a  better  pursuit 

In  the  basic  principle  of  the  internal  model  control,  the  closer  the  model  is  to  reality  the  more  the 
structure  approaches  an  open-loop  structure. 

A  closed  loop  type  corrector  can  therefore  compensate  for  this  handicap  while  enlarging  the  class  of 
systems  for  which  the  structure  is  applicable.  On  the  other  hand,  the  gap  between  the  actual  system  and  its 
behavioral  model  may  be  due  to  multiple  reasons,  so  it  is  more  reasonable  to  consider  this  signal  as 
exogenous  to  the  control.  The  structure  of  Figure  16  is  modified  as  shown  in  Figure  17. 


Figure  17.  Block  diagram  of  internal  model  control  with  input  disturbance 


The  low-pass  filter  (Filtering  model),  obviously  has  an  impact  on  the  behavior  of  the  closed-loop 
system;  on  the  model-following  as  well  as  on  the  disturbance  rejection  ability.  The  model  M  is  determined  by 
the  Widrow-Hoff  learning  law  [27]. 

The  training  of  the  network  consists  in  modifying,  with  each  step,  the  weights  and  bias  in  order  to 
minimize  the  quadratic  errors  at  output  by  using  the  law  of  Windrow-Hoff.  With  each  step  of  training,  the 
error  at  output  is  calculated  as  the  difference  between  the  required  target  t  and  the  output  y  of  the  network. 
The  quantity  to  be  minimized,  with  each  step  of  training  k,  is  the  variance  of  the  error  at  the  output  of 
the  network. 

Ek  =  i  -  2yJ«tfc)  (37) 


Te:  The  sampling  time  is  equal  to  1ms.  This  time  will  be  maintained  throughout  this  study. 
The  estimation  of  output  and  the  error  are  calculated  by: 


z{k)  =  {-y{k  -  1)  u{k)  u(k  -  1)] 


+  hi;  e(k)  =  y(/c)  -  z(/c) 


(38) 


The  learning  of  the  network  of  neuron  is  to  modify,  at  each  sampling,  the 
(estimation  of  parameters)  in  order  to  minimize  the  quadratic  criterion  of  the  squares 
the  output. 

The  inverse  model  controller  y  (t)  is  given  by  the  following  equation: 


y(t)  = 


1  +  ^72^“^ 


u(t  -  1) 


weight 
of  the 


and  bias 
errors  in 


(39) 


Where 
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w(t)  =^y(t) +  ^y(t- 1) -^w(t-2)  (40) 

Ol  £>1  £>1 

So,  the  weights  and  the  bias  Figure  18  are  ealeulated  as  follows:  Wi  =  — ,  W2  =  —  and  =  — 

b±  b-i  bx 

The  eontrol  law  is  deseribed  by:  u(t)  =  Wc  (p  with  =  [^1  ^2  ^3] 

And  (p  =  [r(t)  y(t  -  1)  u(t  -  2)]  (41) 


Figure  18.  Evolution  of  the  weights  and  Estimation  error  (NACIMS) 


4.  Comparative  simulation  studies  between  NACSS-NEWELM  and  NACIMS  and  stability  test: 

Adaptive  Neural  Feedbaek  Control  (ANFC)  is  a  hybrid  eontrol  that  has  allowed  them  to  eontrol  any 
variation  in  traeking,  regulation  or  stability.  The  results  of  the  simulation  showed  the  strength  of  our  neural 
adaptive  eontroller  (NAC).  We  ean  say  that  the  deeoupled  PI  regulator  would  be  ideal  for  the  UPFC  system 
eontrol  if  the  ±  30%  variation  of  the  reaetanee  did  not  degrade  its  dynamie  performanee,  as  pointed  out  in  this 
artiele.  The  proeess  model  is  never  perfeet. 

The  results  of  this  analysis  of  the  two  eontrols  by  neural  networks  at  ±  30%  of  XE  figure.  19  are 
summarized  in  the  following  points: 

-  All  eontrol  strategies  indieate  that  the  proposed  regulators  have  better  dynamie  performanee 
and  are  mueh  more  robust  than  the  traditional  PI  eontroller.  They  seem  to  be  very  high- 
performanee  dynamie  regulators. 

-  Thanks  to  the  generalization  eapaeity  of  network  neurons,  the  use  of  a  neural  identifieation 
regulator  allows  an  improvement  in  the  dynamie  performanee  of  the  regulator  approaehed.  It 
has  even  been  demonstrated  by  simulation  that  a  neural  identifieation  regulator  ean  solve  the 
problem  of  the  ineapaeity  of  parametrie  variations  regulator  PI  of  the  line. 
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Figure  19.  Powers  (P  and  Q)  of  the  control  system  with  (PI-D,  NACSS-NEWELM  and  NACIMS) 

at  +  30%  of  XE 


5.  CONCLUSION 

In  this  article,  our  UPFC  system  based  on  three  robust  control  methods  has  been  proposed  [(PI-D), 
(NEWELM  and  NIMC)  based  neural  adaptive  control].  These  control  strategies  introduce  enough  flexibility 
to  set  the  desired  level  of  stability  and  performance.  Practical  constraints  were  considered  by  introducing 
appropriate  uncertainties.  The  methods  above  have  been  applied  to  a  typical  test  of  a  single-phase  power 
system  bridge.  Simulation  results  showed  that  designed  regulators  were  able  to  ensure  a  robust  stability  and 
performance  a  wide  range  of  uncertainty  of  parameters  of  transmission.  But  line  orders  two  hybrid 
(NACSSS-ERNN  and  NACIMS)  in  case  of  modification  of  the  parameters  of  the  system  and  an  excellent 
ability  to  improve  the  stability  of  the  system  under  small  disturbances. 
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